Previous studies have found our velocity in the rest frame of radio galaxies at high redshift to be substantially larger than that inferred from the CMB temperature dipole anisotropy. We construct a full sky catalogue NVSUMSS, by merging the NVSS and SUMSS catalogues and removing local sources by various means including cross-correlating with the 2MRS catalogue. We take into account both aberration and Doppler boost to deduce our velocity from the hemispherical number count asymmetry, as well as via a 3-dimensional linear estimator. Both the magnitude and direction depend on cuts made to the catalogue, e.g. on the lowest source flux, however these effects are small. With the hemispheric number count asymmetry method we obtain a velocity of 1729 ± 187 km s −1 i.e. about 4 times larger than that obtained from the CMB dipole, but close in direction, towards RA= 149
INTRODUCTION
The cosmic microwave background (CMB) exhibits a wellknown dipole anisotropy (Bracewell & Conklin 1968; Henry 1971; Smoot et al. 1977) which is three orders of magnitude bigger than the primordial temperature fluctuations first detected by COBE (Kogut et al. 1993 ). An observer moving through an isotropic radiation field would observe such a dipole (Peebles & Wilkinson 1968) and conversely the observed dipole can be used to infer the velocity of the observer. Indeed the velocity of the Solar system (and our Local Group) is inferred from the CMB temperature dipole assuming that the latter is entirely due to our motion.
Although a kinematic origin is the most plausible interpretation of the CMB dipole, one can consider other mechanisms which may be, at least partially, responsible (Paczynski & Piran 1990; Langlois & Piran 1996) . An independent measurement of our velocity is therefore desirable. It has been suggested that this can be done by measuring the aberration of the CMB (Challinor & van Leeuwen 2002; Burles & Rappaport 2006) , however the effect is too small to be detected with > 3σ significance even using the best available data to date (Planck Collaboration et al. 2014) .
If the dipole is due to our motion then it requires the Universe to be anisotropic at least locally. Indeed galaxy surveys clearly exhibit an anisotropy in the local Universe. Along the direction of the CMB dipole lie the most massive neighbouring superclusters: Virgo, the Great Attractor Hydra-Centaurus, Coma, Hercules and Shapley, and possibly yet-to-be-mapped superclusters beyond these (see Table 1 ). The gravitational attraction of these structures may well be pulling us in the direction indicated by the CMB dipole. However, maps of the local Universe, e.g. from the infrared 2MASS Redshift Survey (2MRS) or supernova catalogues, have shown that the full dipole cannot be attributed to these structures and at least 20% remains unaccounted for (Lauer & Postman 1994; Hudson et al. 2004; Watkins et al. 2009; Lavaux et al. 2010; Feldman et al. 2010; Colin et al. 2011; Magoulas et al. 2012; Feindt et al. 2013; Watkins & Feldman 2015) . It is then necessary to go beyond even the Shapley supercluster (at ∼ 262 Mpc) to establish if there is indeed convergence to the CMB frame at larger scales (as is required if the universe is to be described as homogeneous when averaged on such scales).
However, there are no full-sky optical galaxy redshift surveys extending well beyond Shapley and previous studies in this context have therefore suffered from lack of full sky coverage (e.g. Plionis et al. (1993) ; Itoh et al. (2010) ). Fur-ther complications arise when using other catalogues such as of galaxy clusters to search for the expected dipole signal (e.g. Chluba et al. (2005) ). There have in fact been persistent reports of an anomalous 'dark flow' on large scales traced by the kinematic Sunyaev-Zel'dovich effect in clusters, in roughly the same direction as the CMB dipole (AtrioBarandela et al. 2015) .
On the other hand, radio galaxies are extremely luminous, can be observed up to high redshifts, and are unaffected by dust obscuration. However early analyses of the dipole in the distribution of radio galaxies suffered from the severe sparseness of their catalogues (Baleisis et al. 1998 ). Hence such studies became feasible only after the NRAO VLA Sky Survey (NVSS) catalogue became available. This is a catalogue of nearly 2 million radio galaxies covering the sky above declination of −40
• . NVSS has been used extensively to search for convergence to the CMB dipole and most previous studies have found discrepancy with the CMB measurement of our local velocity (Singal 2011; Gibelyou & Huterer 2012; Rubart & Schwarz 2013; Tiwari et al. 2015; Tiwari & Jain 2015) .
While the velocity of the Solar system barycentre inferred from the CMB temperature dipole anisotropy is 368 km s −1 , the value inferred from NVSS ranges from 700 km s −1 (Blake & Wall 2002) to over 2000 km s −1 (Gibelyou & Huterer 2012) . We too find a similarly large velocity and demonstrate that it depends only mildly on the characteristics of the datasets used: e.g. the width of the Galactic and super-galactic plane strips removed from the survey and the lower and upper limits on the flux. Significantly the direction of the velocity is quite robust and well-aligned with the direction of the CMB dipole.
It is hard to understand how such a large difference can have a physical explanation. Previous works (Paczynski & Piran 1990; Langlois & Piran 1996; Ghosh 2014 ) have invoked horizon-scale isocurvature perturbations as an alternative to the kinematic origin for the CMB dipole. Here however, we are observing a dipole far larger than that inferred from CMB itself, but at high redshift. In addition local data -specifically distance and redshift cataloguesindicate that at low redshifts a good part of the CMB dipole is recovered by ∼ 250 Mpc. Although the present data does not allow us to fully explore how the convergence to CMB develops as we go deeper into the Universe and in redshift space, the radio data at redshift z ∼ 1 clearly indicates that a significantly larger dipole exists in the rest frame of the radio galaxies. The origin of this difference from the CMB dipole is a real mystery and deserves closer examination.
A possible explanation is systematics due to the incomplete sky coverage of NVSS which can generate a spurious dipole (Gibelyou & Huterer 2012; Tiwari & Nusser 2016) . Various methods have been used to restore the symmetry required for a robust dipole analysis such as cutting out the NVSS catalogue above declination of 40
• (Singal 2011) or removing the Galactic and counter-Galactic plane (Rubart & Schwarz 2013) . Our work elaborates on previous studies in several ways. We construct a full-sky catalogue, which we call NVSUMSS, by patching the NVSS with its southern-sky counterpart -the Sydney University Molonglo Sky Survey (SUMSS). This results in a catalogue with about 600,000 radio sources with flux above 10 mJy after cutting out a strip of ±10
• around the Galactic plane in NVSS to match the corresponding cut in SUMSS.
Another possible systematic which has often been discussed is contamination by local sources. It is well known that a large part of the CMB dipole anisotropy is due to the anisotropic local distribution of matter (Lavaux et al. 2010; Colin et al. 2011) . Past studies have tried to clean NVSS from such local source contamination either by removing individual large local structures (Blake & Wall 2002) or by cutting out the super-Galactic plane in which the majority of local superclusters lie (Tiwari et al. 2015) . However even after all these cuts the radio dipole extracted by all previous studies remains well above that inferred from the CMB. To fully eliminate the contribution from the local structures, we adopt several strategies. First we cross-correlate NVSUMSS with the catalogue of local radio sources (LRS) (van Velzen et al. 2012 ) and remove patches (of increasing area) around these sources from NVSUMSS catalogue. Our results are not however significantly altered by doing so. As the LRS catalogue is limited to sources brighter than 200 mJy, we go further by next removing eight dominant local superclusters from Virgo to Ophiuchus. Previous studies have shown that these local structures are responsible for nearly 80% of the CMB dipole. Even so their removal does not alter our results significantly. We then remove the super-galactic plane completely by cutting out a ±10
• strip around it. This too has little effect. Finally we cross-correlate NVSUMSS with the 2MRS catalogue, and remove zones of increasingly larger areas around the 2MRS sources from the NVSUMSS catalogue. This too has no significant impact.
Because of evolution, the fraction of nearby radio sources is low even at large flux densities, the median redshift of radio sources in complete samples with flux ranging from mJy to Jy being z ∼ 0.8 (Condon 1989) . The fact that the redshift distribution of complete samples of radio sources peaks at z ∼ 1 for all flux-density levels down to ∼ 10 mJy, implies that local sources are swamped by the much more numerous distant ones (de Zotti et al. 2010 ). The mean redshift of NVSS sources is estimated to be above 1 (Ho et al. 2008; de Zotti et al. 2010) . Thus most of the sources in our NVSUMSS catalogue lie at high redshift and by removing local sources through cross-correlation of NVSUMSS with the 2MRS catalogue we ensure that they constitute an uniform background. Our motion with respect to such an uniform background causes the aberration of light and the sources would thus be displaced in the sky by an angle that depends on our velocity. More sources would be observed in the direction of the motion than in the opposite direction.
Thus by measuring the aberration angle, we infer the velocity of the Solar system (or the Local Group) barycentre in the rest frame of the distant radio galaxies. A catalogue with good sky coverage would exhibit a hemispherical asymmetry which peaks when the plane of hemisphere is perpendicular to the direction of the motion. A simple formula can be used to determine the aberration angle and hence our velocity in the rest frame of the radio sources. Aberration analysis is very powerful in the sense that it is independent of distance so can be used in conjunction with a full-sky photometric galaxy survey, as long as there are no observational biases that can generate spurious anisotropies. In fact the motion of the observer does not just cause aberration but also results in Doppler boosting which is a shift in the frequency at which the sources are observed -as a result more sources will be observed in the direction of the motion. Unlike aberration, Doppler boosting depends on the flux and it is known that for radio sources the two effects affect the number-count in almost equal proportion. This paper is organised as follows: in Section 2 we describe our method, and search for dipole anisotropy in the NVSS data alone (Section 3). Then we introduce the SUMSS catalogue (Section 4) and patch NVSS and SUMSS together (Section 5) exploring different ways of doing so. In Section 6 we perform a complete cleaning up of local sources by cross-correlating NVSUMSS with the 2MRS catalogue. We investigate the effects of various cuts made on the inferred dipole velocity and discuss the statistical significance of the result (Section 7). We present our conclusions in Section 8.
THE METHOD
The aberration angle, ∆θ, by which a galaxy is displaced due to the motion of an observer moving with velocity v is (e.g. Kopeikin et al. (2011) ) for small velocities v c:
To evaluate this we simply count the number of galaxies in hemispheres and use the relation of the hemispherical number count asymmetry, δN , to the aberration angle:
Here we have assumed a homogeneous distribution with an average number surface density, and not accounted for masks and cuts in the catalogue. The total number asymmetry is due to both aberration and Doppler boosting. The expected amplitude of the latter is (Ellis & Baldwin 1984) : (v/c)[2 + x(1 + α)], where x and α are flux indices, defined through the integral source counts
and the flux density at a fixed observing frequency
It is straightforward to evaluate x for a given catalogue, e.g. as shown in Fig. 1 it varies from 0.894 at low flux to 1.68 at high flux for NVSS. The Doppler shift is more important for faint galaxies, hence the value at low flux is relevant. The value of α is usually taken to be 0.75 (Ellis & Baldwin 1984) . Hence the aberration and Doppler boosting contribute almost equally to the number count asymmetry -53% and 47% respectively. As we are looking specifically for a dipole anisotropy (to compare with the CMB dipole), we do not use spherical harmonic decomposition. The simplest and most robust estimate of the dipole is in fact obtained by looking for a hemispheric asymmetry in the number count of sources. We calculate this by the following method: First by randomly selecting a direction and calculating the number of galaxies in that hemisphere. Second by regularly rotating a hemisphere centred on zero declination and looking for the right ascention that gives the maximum asymmetry. Third by scanning the sky using directions from a HEALPix map (Gorski et al. 2004) with Nside = 32 (12,288 pixels) which are not random directions but regularly spaced. As we shall show, all these methods give similar results in agreement with each other. While the hemispheric asymmetry estimator is robust and allows the estimation of the variability of the dipole around its directional maximum, its statistical variability is high. Hence, we also evaluate the dipole using a 3-dimensional linear estimator (Crawford 2009 ). The NVSS is a catalogue of radio sources at 1.4 GHz which cover the sky north of declination −40
NRAO VLA SKY SURVEY (NVSS)
• (the lowest source is actually at dec=−40.4
• ) corresponding to 82% of the celestial sphere (Condon 1989) . It contains 1,773,488 sources stronger than a flux density of about 2.5 mJy. However, we restrict our analysis to sources brighter than 10 mJy as the completeness of the survey at weaker flux-density levels is questionable (Overzier et al. 2003) . We also restrict the source brightness to be below 1000 mJy as a relatively small number of strong sources at high flux-density levels can introduce large statistical fluctuations.
We further cut out the catalogue above dec=40
• in order to restore the symmetry necessary for extracting the dipole (Singal 2011). The catalogue is shown in the left panel of Fig. 1 . The right panel shows how the integral number count changes with the threshold flux, which we use to determine the power-law index x in eq. (3) finding it to be Figure 2 . NVSS: The left panel shows the directions of 5000 randomly selected hemispheres which are used for number counts. The blue dots represent hemispheres with more-than-average number of galaxies, while red dots indicate those with less-than-average number of galaxies. The middle panel is a density plot of the magnitude of the velocity, upon which the directions of the CMB dipole (green circle) and the inferred direction for the radio sources (black circle) are marked. The right panel is the plot of the derived velocities (black dots) against the RA, which is fitted well by a cosine curve (magenta). 0.894 and 1.68 at the low and high end. We cut the Galactic plane by ±5
• , and then by ±10
• , and study the resulting catalogues adopting flux thresholds of 10,15, 20 and 25 mJy.
The results of our hemispheric asymmetry analysis are shown in Tables 2 and 3 , and in Fig. 2 . The results in the figure were obtained by cutting out the NVSS sources above dec= 40
• to match the missing southern part below dec= −40
• , and the Galactic plane was also cut at ±10
• . The dipole direction in all cases is close to that of the CMB dipole but its magnitude is on average about 4 times larger than that for the CMB (see Fig. 3 ).
SYDNEY UNIVERSITY MOLONGLO SKY SURVEY (SUMSS)
SUMSS is a radio imaging survey of the sky south of declination −30
• carried out with the Molonglo Observatory Synthesis Telescope (MOST) operating at 843 MHz (Mauch et al. 2003) . SUMSS contains 211,050 radio sources and is similar in sensitivity and resolution to the NVSS. Analysis of the catalogue shows that it is highly uniform and complete to 8 mJy at dec −50
• , and to 18 mJy at dec > −50
• . An Aitoff plot of the catalogue is shown in Fig. 4 . For a robust dipole analysis a full -sky catalogue is required, so we combine NVSS and SUMSS. There are different ways of doing so which can potentially yield different results. This is discussed in the next section.
FULL SKY CATALOGUE: NVSS PATCHED WITH SUMSS (NVSUMSS)
We fill in the missing sky in NVSS to obtain a full-sky catalogue by combining it with its southern counterpart SUMSS.
To address overlapping regions, we generate the composite catalogue in two ways. In the first, SUMSS is cut at dec=−40
• and joined to NVSS, while in the second NVSS is cut at dec=−30
• and joined to SUMSS, as shown in Fig. 5 . The right panel of Fig. 5 shows how the integral number count changes with the flux threshold which we use to determine the power x in eq. (3). For NVSUMSS we find it to be 0.9 (cf. 0.894 for NVSS) and 1.7 (cf. 1.68 for NVSS) at the low and high ends. To correct for the frequency difference between the SUMSS and NVSS surveys, SUMSS fluxes The left panel shows number counts in 5000 randomly oriented hemispheres with an average of 288,218 galaxies per hemisphere and maximum difference of 5672 between the most and least populated hemispheres. The blue dots represent hemispheres which contain more-than-average number of galaxies, while red dots indicate those with less-thanaverage number of galaxies. The middle panel is a density plot of the magnitude of the inferred velocity, upon which the directions of the CMB dipole (green circle) and the inferred direction for the radio sources (black circle) are marked. The right panel is the plot of inferred velocities (black dots) against the RA, which is well fitted by a cosine curve (magenta).
are scaled down by a factor of (843/1400) −α 1.46, where α 0.75 is the median spectral index of the sources common to NVSS and SUMSS (Mauch et al. 2003) .
Furthermore, NVSS and SUMSS have different source densities with SUMSS being denser. This can be dealt with in different ways. In the first, we randomly select galaxies from the SUMSS catalogue below dec=−40
• (or below −30
• ) to match the same number as NVSS above dec=40
In the second approach we evaluate the source density of NVSS in the full catalogue, and also that of SUMSS, and then pick randomly from SUMSS such that its density matches that of NVSS. Thirdly, when evaluating the 3-dimensional linear estimator, we weight SUMSS sources by a factor corresponding to the ratio between the number of NVSS sources above dec=40
• (or 30 • ) and SUMSS sources below dec=−40
• (or −30 • ). Although in the patching scheme we run the risk of smoothing out any dipole lying in the cap regions, as we shall show these different ways of producing the composite catalogue in fact yield rather similar results. The radio dipole still implies a large velocity in a direction close to that of the CMB dipole, as shown in Tables 4 and 5 , and in Figs. 6 and 7.
To ensure that the Galactic plane is not producing spurious effects on the inferred radio dipole, we also fill the Galactic plane with a random distribution of sources having the same surface density as the NVSUMSS catalogue. Our results are given in Table 6 and Figure 7 shows that they do not change significantly.
DEALING WITH LOCAL ANISOTROPY
Any clustering of nearby sources can invalidate our approach, as both aberration and Doppler boosting analysis rely on the source distribution being isotropic so the only anisotropy is due to the observer's motion. Since the NVSS and SUMSS sources are mainly at redshift z ∼ 1 (de Zotti et al. 2010; Ho et al. 2008 ) local anisotropies must be minimal, nevertheless we guard against them carefully as follows.
First we cross-correlate our composite NVSUMSS catalogue with the catalogue of nearby radio sources (van Velzen et al. 2012) . However, the latter only contains bright radiogalaxies. In order to make sure that our composite catalogue is cleaned of all local sources, we go even further. We identify all local superclusters up to the Shapley concentration and remove them from NVSUMSS. Next we remove the supergalactic plane in which most dominant local structures lie. The final removal of all local sources is achieved by crosscorrelating NVSUMSS with the 2MRS catalogue. We thus ensure as best as we can that no nearby sources are left in our composite catalogue.
Cross correlation of NVSUMSS with LRS
The radio sources from the NVSS and SUMSS surveys have been matched to 2MRS galaxies using an image-level algorithm that properly treats the extended structure of radio sources (van Velzen et al. 2012). These bright sources constitute the all-sky LRS catalogue containing 575 radio-emitting Figure 7 . NVSUMSS with the Galactic plane filled with a random distribution having the same number density as the rest of the catalogue. The flux range is 15-1000 mJy and the details of the catalogues used in this figures are given in Table 6 . The left panel shows the directions of hemispheres with blue corresponding to those having average count greater than mean and red to those with average count less than the mean. The middle panel is the magnitude of the velocity inferred from the number-count hemispherical asymmetry. The right panel is obtained by regularly rotating hemispheres in the RA direction at a 1 • interval.
galaxies with flux greater than 213 mJy at 1.4 GHz. However this means that nearby sources with flux less than 213 mJy are not identified and we shall address this in the following subsections. Here, we cross-correlate the LRS catalogue with our composite NVSUMSS catalogue and remove zones of increasingly larger area, starting at 1/10
• then 1/4
• then 1/2 • , around the LRS sources. The results of the crosscorrelation are presented in Table 7 . The dipole of the LRS, using hemispherical number count, is shown in Fig. 8 . This shows that the contribution of LRS sources to the large-scale dipole observed in NVSS and NVSUMSS is insignificant.
Elimination of large superclusters up to Shapley and Ophiuchus
The origin of the CMB dipole is supposedly due to the gravitational attraction of nearby inhomogeneities. A large part of it can indeed be attributed to local superclusters (Lavaux et al. 2010; Colin et al. 2011) . These superclusters are well observed and their position are indicated in Table 1 . (We note that in a previous study (Blake & Wall 2002) 22 local sources were removed however it is not clear what these sources were.) The results presented in Table 8 show that the dipole velocity is not affected by these eliminations.
Removing the super-galactic plane
The most important superclusters in our local Universe define the super-galactic plane which may contain a significant number of radio sources (Shaver & Pierre 1989) . Hence one way of removing local sources is to remove this plane. Fig. 9 shows the NVSUMSS map with both the Galactic and supergalactic planes cut out as ±10
• strips. However this makes little difference to either the magnitude or the direction of the radio dipole as seen from the results in Tables 9 and 10 . 
Cross correlation of NVSUMSS with 2MRS
There may still be local sources not lying on the supergalactic plane, or not included in our list of prominent superclusters, or with flux less than 213 mJy. In order to be certain that all local sources have indeed been removed, we crosscorrelate NVSUMSS with the 2MRS catalogue (Huchra et al. 2012 ) and remove all common objects. This is done by identifying all NVSUMMS sources that are within a chosen angular distance of 2MRS sources -we try various values: 1, 10 and 36 arc seconds. The full set of results are shown in Figures 10 and 11 and all details are also given in Tables 9 and 10. These demonstrate that the inferred velocity from the radio dipole remains well above that from the CMB dipole, although the directions are close.
STATISTICAL SIGNIFICANCE
To determine the statistical significance of our results, we compare them with Monte Carlo simulations using randomly generated isotropic catalogues, on top of which aberration and Doppler boosting dipoles are added according to the null hypothesis that we are traveling through the CMB with a velocity of 368 km s −1 towards l=263.85 0 , b=48.25 0 . A sample of size N is expected to contain random hemispherical asymmetries of size ∼ 1/ √ N on average, the direction of the dipole being random. An aberration effect corresponding to what is expected from our velocity of 368 km s −1 with Figure 8 . The left panel shows the directions of 5000 randomly placed hemispheres in the LRS catalogue of 575 radio galaxies in the local universe, with blue corresponding to those having average count greater than the mean (of 288) and red to those with average count less than the mean. The middle panel shows that a meaningful dipole cannot be seen in such a sparse and inhomogeneous sample. This is illustrated further in the right panel which plots the fractional number count difference between the forward and backward hemispheres versus the RA of the chosen direction. Figure 10 . All results from NVSUMSS using the hemispherical number count estimator, with the Galactic and super-galactic plane cut out and with LRS as well as 2MRS sources removed, and using different patching schemes (blue crosses). The black filled circles are the means for each flux and the dashed line is the least-squares fit to the data which yields the velocity |v| = 1121 + 41S − 0.6S 2 , where S is the flux threshold in mJy. The cyan line is the value inferred from CMB temperature dipole.
respect to the CMB is subsequently applied to these catalogues by shifting the angles in the direction of the CMB dipole by the expected amount. A dipole due to Doppler boosting can also be incorporated by adding (subtracting) the appropriate number of sources within angular rings oriented in (opposite to) the direction of the CMB dipole. The hemispheric asymmetry and 3-dimensional linear estimators can subsequently be applied to the resultant random catalogues to extract the velocity. In 2000 mock catalogues with about 600,000 sources generated as above, the hemispheric count estimator observed velocities larger than the inferred 1600 km s −1 for 741 of these. The inferred dipole direction was within 15
• of the (simulated) CMB dipole direction for 690 of these. For the same 2000 catalogues, the 3-dimensional linear estimator found velocities higher than the inferred 1300 km s −1 for only 5 of the catalogues, all of which had dipole directions within 10
• of the (simulated) CMB dipole direction. Consequently, the statistical significance of the latter observation is at the level of p 0.0025, i.e 2.81σ.
CONCLUSION
The velocity of the barycentre of our Solar system (or of the Local Group) in the rest frame of CMB is inferred from its temperature dipole anisotropy. An independent measurement of this velocity is needed to fully establish the kinematical origin of the dipole. Although a similar anisotropy is observed in the distribution of nearby large-scale structure out to the Shapley supercluster, they do not show full convergence to the CMB dipole. To definitively address this question one thus needs to go further, however there is no data available from optical or infrared galaxy surveys.
Radio surveys which sample the Universe at high redshift provide valuable clues to this problem. As these scales are certainly large enough for the Universe to be considered homogeneous and isotropic (aside from negligible statistical fluctuations), the only source of deviation from isotropy would be due to the motion of the observer. Our motion should lead to a measurable over density of sources in the direction of motion through aberration and Doppler boosting effects. By measuring these effects we can deduce our velocity in the rest frame of the radio galaxies, its expected value being just our velocity in the CMB rest frame. NVSS is a radio catalogue with less-than-complete sky coverage which has been used extensively to extract this velocity but previous studies have generally found it value to be far larger than our velocity in the CMB rest frame. We confirm this result using an all-sky catalogue.
A possible reason for this discrepancy could be bias due to local structures. Of course one does not expect such anisotropies to produce a dipole larger than the CMB dipole. However we know that our local Universe at least up to 260 Mpc (z 0.06) is anisotropic and if our radio catalogue is contaminated by local sources, that may invalidate the method based on the aberration and Doppler boosting effects which rely on large-scale intrinsic isotropy. We adopt various measures to remove such local sources but find that this has little effect on the inferred radio dipole.
There is a big gap in redshift between local galaxies and the radio galaxies. Forthcoming galaxy surveys will progressively fill in this gap and hopefully allow us to trace the divergence from the CMB dipole. Future radio surveys with the Square Kilometre Array will provide excellent opportunities for improving the statistical significance of the unexpectedly large radio dipole (Schwarz et al. 2015). . All results from NVSUMSS using the linear 3d estimator, with the Galactic and super-galactic plane cut out and with LRS as well as 2MRS sources removed, and using different patching schemes (red circles). The black filled-circles are the means for each flux threshold used and the dashed line is the least-squares fit to the data which yields the velocity |v| = 926.7 + 24.4S − 0.28S 2 , where S is the flux threshold in mJy. The cyan line is the value inferred from CMB temperature dipole. Tiwari P., Jain P., 2015, MNRAS, 447, 2658
Tiwari P., Kothari R., Naskar A., Nadkarni-Ghosh S., Jain P., 2015, Astropart. Phys., 61, 1 Table 8 . Hemispheric asymmetry, NVSUMSS (using 5000 random hemispheres): Area in degree 2 around the 8 local superclusters (see Table  1 ), Galactic latitude cut (±), NVSS-SUMSS patch declination, Flux threshold (mJy), Total number of sources left after cuts, Average numbers in each hemisphereN , Maximum difference in number counts of hemsipheres ∆N , Dipole RA (deg), Dipole dec (deg), Velocity (km s −1 ). In total about 5000 to 6000 sources are removed.
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